Octachlorostyrene (OCS) is a byproduct produced in the process of synthesis of chlorinated compounds. There are some reports concerning environmental contamination by OCS, but few on the toxicological effects on human. Drug-metabolizing enzymes may play an important role in toxicity through metabolic activation or deactivation of OCS. In this study, we investigated whether OCS influences these enzymes using wild-type and aryl hydrocarbon receptor (Ahr)-null mice; AhR regulates cytochrome P450 (CYP) 1A, UDP-glucuronosyltransferase (UGT), or sulfotransferase (SULT). Both mouse lines were treated with OCS (0, 32, and 64 mmol/kg) for 4 days by gavage. As a reference, the mice were treated with 20 mg/kg 3-methylcholanthrene (3MC) for 4 days. OCS treatment increased the expression of CYP 1A1 and CYP1A2 mRNA and ethoxyresorfin O-deethylase activity only in the wild-type mice, similar to that of the AhR activator 3MC. OCS treatment increased expression of UGT1A6 and SULT 1A1 mRNA and their associated enzyme activities only in Ahr-null mice, whereas 3MC still influenced these enzymes only in wildtype mice. OCS induced constitutive androstane receptor (CAR) only in Ahr-null mice, and the target gene CYP2B10 mRNA was induced more strongly in Ahr-null mice than in wild-type mice. 3MC slightly induced CYP2B10 mRNA only in the wild-type mice. These results suggest that CAR is involved in regulation of the UGT and SULT genes by OCS. Thus, OCS may regulate CYP1A via AhR, whereas it controls UGT1A6 and SULT1A via CAR.
Octachlorostyrene (OCS) is a toxic halogenated aromatic compound. Although this chemical is never used as a commercial product, it is sometimes produced during the processes of magnesium and chlorinated solvent production, aluminum plasma etching, aluminum degassing with hexachloroethane, chlorination of titanium, and waste incineration (Hazardous Substances Data Bank, National Library of Medicine). Because of its persistent and bioaccumulative nature, OCS is widely distributed in the environment (Bester et al., 1998; Lommel et al., 1985 Lommel et al., , 1992 : the levels in freshwater mussels and fish from Belgium and Romania ranged from 0.01 to 0.18 ng/g wet weight, and those in marine fish ranged from 0.01 to 0.02 ng/g wet weight.
OCS levels were also monitored in the general population of Belgium, Romania and the United Kingdom during [1997] [1998] [1999] [2000] [2001] [2002] , and were reported to be 0.38 and 0.05 ng/g wet weight in adipose and liver tissues, respectively (Chu et al., 2003) . The monitoring of OCS in breast milk samples collected from 497 Canadian women in 1992 showed that the mean OCS concentrations of all samples was 0.05 ng/g breast milk or 2.16 ng/g milk fat (Newsome et al., 1995) . In contrast, the blood concentration of OCS was determined for workers in magnesium production and a control group in Norway to be 1.24 ppb in the worker group six times higher than that in the control group at 0.20 ppb (Lunde and Bjorseth , 1977) . Thus, although people are often potentially exposed to OCS, the levels were clearly lower than those exposed to occupationally high levels.
OCS was shown to cause liver hypertrophy, megalocytosis, porphyries, an increase in heme biosynthesis as well as induction of liver microsomal cytochrome P450 (CYP) in Fischer 344 rats and C57BL/6 mice (Chu et al., 1984; Holme and Dybing , 1982; Smith et al., 1994) . In fact, urinary porphyrin levels were clearly higher in workers who engaged in aluminum foundry work in Sweden (13.63 ± 11.13 lmol/ mol creatinine) than in white collar workers (6.24 ± 3.84 lmol/ mol creatinine). The OCS concentration in the plasma of the exposed group was 54.6 ng/n lipid, against 0.7 ng/n lipid in white collar workers. Thus, the levels of the exposed group was more than 75 times higher than the control group (Selden et al., 1999) .
In the body, inhaled OCS undergoes slow metabolic degradation to pentachlorodichlorophenylacetic acid and heptachlorostyrene and CO 2 (Chu et al., 1982) , and drug-metabolizing enzymes are known to play central roles in these processes. Various nuclear receptors including aryl hydrocarbon receptor (AhR) and constitutive androstane receptor (CAR) are already known to regulate genes encoding these enzymes (Lee et al., 2007; Xu et al., 2005) . The former is transactivated by halogenated and polycyclic aromatic hydrocarbons (halogenated aromatic hydrocarbons and polycylic aromatic hydrocarbons, respectively) such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and 3-methylcholanthrene (3MC), resulting in induction of the cytochrome P450 family 1 (CYP1A), such as CYP1A1, CYP1A2, and UDPglucuronosyltransferase (UGT) 1A1 and 1A6, which are involved in the detoxification and elimination of xenobiotics through conjugation to glucuonic acid (Emi et al., 1996; Xie et al., 2003) . CAR is activated by phenobarbital (PB), 1,4-bis[2-(3,5-dichloropyridyloxy)]benzene, and other xenobiotics and mediates the induction of a battery of genes including CYP1A, 2B, 2C, and 3A families, and UGT1A and sulfotransferase (SULT) 1A (Lee et al., 2007; Maglich et al., 2004; Ueda et al., 2002) . However, whether OCS induces these genes via AhR or CAR is not known. Thus, it is important to clarify which genes are induced by OCS, its activator, and the involvement of metabolism in toxicity. In this study, we investigated the role of AhR and CAR in the induction of CYP1A1/2, UGT1A1/6, and SULT1A1 by OCS treatment using wild-type and Ahr-null mice. Our results clearly showed that OCS induced these isoforms in a different manner than the prototypical AhR activator 3MC.
MATERIALS AND METHODS
Chemicals. OCS (98.9%), the chemical structure of which is shown in Figure 1 , was obtained from Wako Pure Chemical Industry (Osaka, Japan). 1-Hydroxypyrene and resorufin were purchased from Aldrich Chemical Co. (Milwaukee, WI), and ethoxyresorufin, 1-naphthol, UDP-glucuronic acid, 3#-phosphoadenosine 5#-phosphosulfate (PAPS), and 3-methylcholanthrene (3MC) were from Sigma (St Louis, MO).
Animals. This study was conducted according to the Guidelines for Animal Experiments of Nagoya University Animal Center. All mice were housed in cages in a clean room under controlled temperature (23-25°C), relative humidity (57-60%), and light (12-h light/dark cycle). Eight-week-old male mice (C57BL/ 6N) were purchased from CLEA Japan, Inc. (Tokyo, Japan). Ahr-null mice (Ahr(À/À)) (Fernandez-Salguero et al., 1995) were bred in the same way described previously (Yanagiba et al., 2008) . Twelve-week-old wild-type male mice (Ahr (þ/þ)) and Ahr-null male mice were used in all experiments.
Treatment. All mice (five mice in each genotyped group) were treated with 0, 32, and 64 lmol/kg body weight OCS by gavage for 4 consecutive days. These dosages were set in the same way as those of the styrene trimer experiment to compare both effects on the induction of drug-metabolizing enzymes via AhR. All mice were treated humanely and with regard for alleviation of suffering. In order to determine the exact induction of AhR-target genes, 3MC was used as a positive-AhR activator. Twelve-week-old wild-type and Ahr-null male mice were given 3MC (20 mg/kg body weight) by gavage for 4 consecutive days. All animals were killed 16 h after the last dose by decapitation, and the blood and livers were quickly removed. A part of the liver was kept in RNlater (Qiagen, Tokyo, Japan) for later isolation of total RNA. The remaining liver and the plasma were kept at À80°C until use.
Real-time quantitative PCR analysis. mRNA levels of AhR, CYP1A1/2, UGT1A1/6, SULT1A1, CAR CAR-mediated gene CYP2B10, pregnane X receptor (PXR), and PXR-mediated gene CYP3A11 were monitored on an ABI PRISM 7000 Sequence Detection System (Applied Biosystems, Foster City, CA). Total RNA was extracted from the liver of mice exposed to OCS and the vehicle, or 3MC using the RNeasy Protect Mini Kit (Qiagen). Complementary DNA (cDNA) was synthesized from 1 lg of total RNA using Oligo (dT) 20 primer. The RNA quantity and quality were determined by a Gene Quant 2 RNA/DNA calculator from Pharmacia Biotech (Framingham, MA).
The primers were designed using Primer Express 1.0 software (Applied Biosystems), with the GI numbers from Lee et al. (2007) and Yanagiba et al. (2008) . PXR and CYP3A11 primers were also designed using Primer Express 1.0 software, and the sequences are as follows: PXR (gene ID [GI] number; 2852328; forward; 5#-aacctacatgttcaagggcg-3#, reverse; 5#-tggtcctcaataggcaggtc-3#); CYP3A11 (GI number; 118131163; forward; 5#-atggagatcacagcccagtc-3#, reverse; 5#-atgcagggtgaaggaaagtg-3#). The PCR mixture (25 ll) contained 13SYBR Green Master Mix (Applied Biosystems), 0.1lM of each forward and reverse primer and cDNA diluted by Tris-EDTA buffer including 1 mg/ml transfer-RNA. PCR amplification was as follows: an initial step for 2 min at 50°C, then 10 min at 95°C, followed by 50 cycles at 95°C for 15 s and 60°C for 1 min. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as a housekeeping gene for data analysis. All mRNA expression levels were normalized to GAPDH mRNA in the same preparation.
Electrophoretic mobility shift assay. Electrophoretic mobility shift assay (EMSA) was conducted according to the method of Smirlis et al. (2001) . Induction of CYP2B10 in response to PB is mediated by the interaction of the CAR with a PB responsive enhancer modules (PBREM). Although CYP2B PBREM contains two DR4 nuclear receptor half sites, NR-1 (5#-tctgtactttcctgacctt-3#) and NR-2 (Smirlis et al., 2001) , the former site may play the key role in regulating PBREM in response to PB (Sueyoshi and Negishi, 2001 ). The oligonucleotide synthesized by Sigma-Aldrich Japan (Tokyo, Japan) was used as probe. Nuclear extract (7.5 lg) was then incubated with biotin-labeled NR-1 at room temperature for 20 min in 1 3 gel shift buffer supplemented with poly (dI-dC; 0.5 lg/ll). The reaction samples were resolved on nondenaturing electrophoresis (6% acrylamide) and transferred to a positively charged nylon membrane (Roche Diagnostics, Mannheim, Germany). CAR-NR-1 complex was detected with a Chemiluminescent Nucleic Acid Detection Module (Pierce Biotechnology, Inc., Rockford, IL) and visualized using a Lumi Vision PRO HS II (Aisin Seiki, Aichi, Japan). Each band was quantified using densitometry with UN-SCAN-IT gel, and the mean strength of the control group was assigned a value of 1.0.
Preparation of microsomes and cytosols. The liver was homogenized with a threefold volume of 10mM phosphate buffer (pH 7.4) containing 0.25M sucrose. After centrifugation at 10,000 3 g for 10 min, the supernatants were further centrifuged at 105,000 3 g for 60 min. The pellet (microsomal fraction) was resuspended in the same buffer and the supernatant (cytosol fraction) was stored at À80°C until use. Protein concentrations of the microsomes and cytosol were measured using a Protein Assay Kit (Bio-Rad, Tokyo, Japan).
Ethoxyresorufin-o-deethylase activity. Hepatic microsomal ethoxyresorufino-deethylase (EROD) activity was measured using 7-ethoxyresorufin as a substrate. Liver microsomes (120 lg protein) were mixed in a reaction mixture of 50mM phosphate buffer (pH 7.4) and 0.1mM 7-ethoxyresorufin. The reaction was started by the addition of nicotinamide adenine dinucleotide phosphate (NADPH) (10mM) in a final volume of 500 ll. After incubation at 25°C for 5 min, the reaction was stopped by adding 500 ll of ice-cold methanol, and the reaction vial was cooled on ice for 15 min, followed by centrifugation at 6000 3 g for 20 min. The supernatant was filtered with a disposable disk filter (HPLC-DISK-3 0.2 lm; Kanto Kagaku, Tokyo, Japan). Aliquots (10 ll) were subjected to high-performance liquid chromatography (HPLC) using a HITA-CHI L-6000 equipped with an F-1080 fluorescence detector (Hitachi, Tokyo, Japan), an AS-2000 auto sampler, a D-2500 chromatointegrator (Hitachi) and ODS-80A column (GL Sciences, Tokyo, Japan). As a mobile phase, 20mM phosphate buffer (pH 6.8):methanol:acetonitrile (52:45:3, vol/vol/vol) , was used at a flow rate of 1.0 ml/min. The excitation and emission wavelengths were fixed at 535 and 585 nm, respectively.
UGT activity. UGT activity in liver microsomes was measured using 1-naphthol as a substrate. Liver microsomes (100 lg protein) were treated with 0.25% Triton-X at 37°C for 5 min, followed by adding the reaction mixture (40mM Tris-HCl buffer (pH 7.4), 0.8mM MgCl 2 , and 0.2mM 1-naphthol). The reaction was started by adding UDP-glucuronic acid (1.8mM) in a final volume of 500 ll. After the vials were incubated at 37°C for 10 min, the reactions were stopped by 500 ll of ice-cold acetonitrile, and the reaction vial was cooled on ice for 15 min. The mixture was then centrifuged at 10,000 3 g for 5 min, and the supernatant was filtered with a disposable disk filter (HPLC-DISK-3 0.2 lm; Kanto Kagaku, Tokyo, Japan). HPLC was performed using an aliquot (10 ll) of supernatant and a Hitachi L-6000 equipped with L-4200 UV-VIS detector, AS-2000 auto sampler, a D-2500 chromatointegrator (Hitachi), and GH-C18 column (Hitachi). As a mobile phase, acetonitrile:distilled water:acetic acid (35:65:0.1, vol/vol/vol) was used at a flow rate of 1.0 ml/min. The wavelengths were fixed at 221.5 nm.
SULT activity. The SULT activity for 1-hydroxypyrene (1-OHP) was determined according to the method of Lee et al. (2007) . Hepatic cytosolic protein (50 lg) was mixed with 125 ml of 100mM Tris-HCl buffer (pH 7.4), 25 ll of 50mM MgCl 2 , 25 ll of 50mM Ma 2 SO 3 and 2.5 ll of 0.25mM 1-OHP. The reaction was started with 5 ll of 1mM PAPS in a final volume of 250 ll. After incubation at 37°C for 10 min, the reaction was stopped by adding 250 ll of ice-cold acetonitrile. The reaction samples were then placed in an ice bath for 10 min before centrifugation at 10,000 3 g for 5 min. The resultant
FIG. 2.
Real-time quantitative PCR analyses of liver CYP1A1 and CYP1A2 mRNA, and hepatic microsomal enzyme activity for CYP1A in wild-type (Ahr(þ/þ)) and Ahr-null (Ahr(À/À)) mice. CYP1A1 mRNA in the liver of mice exposed to OCS (A) and 3MC (D). CYP1A2 mRNA in the liver of mice exposed to OCS (B) and 3MC (E). Each mRNA level was normalized to the level of GAPDH mRNA in the same preparation, and the mean of the respective control group in wild-type (Ahr (þ/þ)) mice was assigned a value of 1.0. (C) EROD activity in liver microsomes of OCS exposed mice. Values represent mean ± SD (n ¼ 5). *Significantly different from the respective control group (p < 0.05). supernatants were injected into a Hitachi HPLC system equipped with an Inertsil ODS-80A column. As a mobile phase, acetonitrile:distilled water:acetic acid (60:40:0.1, vol/vol/vol) was used at a flow rate of 1.0 ml/min. 1-OHP and 1-OHP sulfate were detected at 240 nm (excitation) and 388 nm (emission).
Statistical analysis. We performed statistical analysis using two-way ANOVA, followed by Dunnet's test using JMP version 4.0 (SAS Institute Inc., Cary, NC). The p-values < 0.05 were considered statistically significant.
RESULTS

Effects of OCS on CYP1A
OCS treatment did not influence the body or organ weights of the wild-type and Ahr-null mice (data not shown). In order to determine whether AhR is activated by OCS, the CYP1A1 and CYP1A2 genes as well as their activities were measured. Low-(32 lmol/kg) and high-dose (64 lmol/kg) OCS induced the expression of CYP1A1 and CYP1A2 mRNAs in the livers of wild-type mice, but had no effect in Ahr-null mice (Figs. 2A, B) .
However, OCS increased the expression of CYP1A1 and CYP1A2 were very weak. Similarly, both dosages increased CYP1A activity measured by the rate of dealkylation of 7-ethoxyresorufin only in the liver microsomes from wild-type mice (Fig. 2C) . As a positive control for the induction of CYP1A1 and CYP1A2 via AhR, the expression of their mRNAs were also measured in the liver of both wild-type and Ahr-null mice treated with 3MC, and a significant increase was noted only in the wild-type mice, as expected (Figs. 2D, E) .
Effects of OCS on UGT
Low-and high-dose OCS increased expression of UGT1A1 mRNA in the liver of both mouse lines, however, the increase was clearly greater in the liver of Ahr-null mice than in wildtype mice. However, the low and high dosages increased the expression of UGT1A6 mRNA only in the liver from Ahr-null mice (Figs. 3A, B) . Low-and high-dose OCS increased UGT   FIG. 3 . Real-time quantitative PCR analyses of liver UGT1A1 and UGT1A6 mRNA, and hepatic microsomal enzyme activity for UGT in wild-type (Ahr(þ/ þ)) and Ahr-null (Ahr(À/À)) mice. UGT1A1 mRNA in the liver of mice exposed to OCS (A) and 3MC (D). UGT1A6 mRNA in the liver of mice exposed to OCS (B) and 3MC (E). Each mRNA level was normalized to the level of GAPDH mRNA in the same preparation, and the mean of the respective control group in wildtype (Ahr (þ/þ)) mice was assigned a value of 1.0. (C) UGT activity for 1-naphthol in the liver microsomes of mice exposed to OCS. Values represent mean ± SD (n ¼ 5). *Significantly different from the respective control group (p < 0.05).
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YANAGIBA ET AL. activity for 1-naphthol as a substrate only in liver microsomes from Ahr-null mice, but not in wild-type mice (Fig. 3C) . In contrast, 3MC significantly increased the expression of UGT1A1 and UGT1A6 mRNA only in the wild-type mice (Figs. 3D, E) . The rather significant difference in the levels of UGT1A1 and UGT1A6 than the level of the UGT enzyme activity may be ascribed to in the broad spectrum of 1-naphthol affinity for UGT isoforms (Yokota et al., 2002) : expression of some isoform(s) may be downregulated by OCS treatment.
Effect of OCS on SULT
High-dose OCS increased the expression of SULT1A1 mRNA in the liver of Ahr-null mice (Fig. 4A) . This dose also increased activity for 1-hydroxypyrene sulfation activity only in the hepatic cytosolic fraction from Ahr-null mice, but not in wild-type mice (Fig. 4B) . In contrast, 3MC treatment elevated SULT1A1 mRNA only in the livers of wild-type mice (Fig. 4C) .
Effects of OCS on AhR-, CAR-, CYP2B10-, PXR-, and CYP3A11-mRNA
Low-and high-dose OCS increased the expressions of AhR mRNAs in the livers of wild-type mice, but did not influence those in Ahr-null mice (Fig. 5A ). 3MC also increased AhR mRNA in a similar fashion to OCS (Fig. 5B ). There was a significant difference in hepatic CAR mRNA expression between nontreated wild-type and Ahr-null mice; the constitutive expression was significantly greater in the liver of wild-type mice than that of Ahrnull mice. High-dose OCS increased mRNA only in the liver of Ahr-null mice, whereas 3MC did so only in wild-type mice ( 5C, D).
CYP2B10-mRNA levels were chosen as a marker of transcriptional activity of CAR (Patel et al., 2007) . Low and high doses of OCS dramatically increased the expression of CYP2B10 mRNA (Fig. 5E ). The increase in the high-dose group reached 40-and 70-fold compared with nontreated wild and Ahr-null mice, respectively. 3MC also significantly increased the expression of CYP2B10 mRNA only in the liver of wild-type mice, but the degree was only marginal (threefold) (data not shown).
Because CYP2B10 is also induced by pregnenolone-16 a-carbonitrile via PXR (Maglich et al., 2004; Smirlis et al., 2001) , we additionally measured PXR-and its target gene CYP3A11-mRNA, which is also induced via CAR (Maglich et al., 2002) , in order to know whether OCS activated PXR in the liver of both wild-type and Ahr-null mice. OCS treatment did not influence the expression of PXR-mRNA levels in both wild-type and Ahr-null mice (Fig. 5F ). In contrast, low-and high-dose OCS increased the hepatic expression of CYP3A11 mRNA in both wild-type and Ahr-null mice (Fig. 5G) , though the increased levels were considerably lower than those of CYP2B10 mRNA.
Electrophoretic Mobility Shift Assay
We investigated whether CAR activation by OCS treatments affects the DNA binding activities of PBREM containing NR-1 in nuclear extracts of liver from both genotypes. As shown in Figure 6 , OCS treatment increased the expression of CAR-NR-1 complexes in wild-type and Ahr-null mice, suggesting the OCS activation of CAR in both wild-type and Ahr-null mouse liver. However, there was no difference in the magnitude between wild-type and Ahr-null mice.
Effects of OCS Thyroid Hormone
Because OCS treatment significantly increased the expression of hepatic UGT1A1 and UGT1A6 mRNA as well as activity in Ahr-null mice, T 4 levels in the plasma were measured in both wild-type and Ahr-null mice. There were no differences in the plasma total-T 4 levels between the control groups of wild-type and Ahr-null mice (data not shown).
FIG. 4.
Real-time quantitative PCR analyses of liver SULT1A1 mRNA and the cytosolic enzyme activity in wild-type (Ahr(þ/þ)) and Ahr-null (Ahr(À/À)) mice. SULT1A1 mRNA in the liver of mice exposed to OCS (A) and 3MC (C). Each mRNA level was normalized to the level of GAPDH mRNA in the same preparation, and the mean of the respective control group in wild-type (Ahr (þ/þ)) mice was assigned a value of 1.0. (B) SULT activity for 1-hydroxypyrene in the liver cytosol of mice exposed to OCS. Values represent mean ± SD (n ¼ 5). *Significantly different from the respective control group (p < 0.05).
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DISCUSSION
The present study showed that OCS could activate AhR, which resulted in induction of CYP1A1 and CYP1A2 in the liver of wild-type mice and not Ahr-null mice. Similar results were also found in 3MC-treated wild-type and Ahr-null mice, suggesting that the mechanism of CYP1A1 and 1A2 induction by OCS is via AhR. Conversely, OCS induced UGT1A6 and SULT1A1 only in the liver of Ahr-null mice and not in wild-type mice. On the other hand, these genes were induced only in the liver from wild-type mice by 3MC treatment. Thus, the mediator involved in the induction by OCS of these two isoforms involved in conjugation reactions was quite different from that by 3MC; in the latter case, AhR appears to mediate the induction of UGT1A6 and SULT1A1 similar to CYP1A1 and CYP1A2 as shown previously (Emi et al., 1996) .
In addition to AhR, CAR is another receptor involved in the induction of UGT1A and SULT1A (Buckley and Klaassen, 2009; Lee et al., 2007; Maglich et al., 2002) . OCS treatment induced CAR mRNA only in the liver of Ahr-null mice.
FIG. 5.
Effects of OCS treatment on expression of mRNA levels in the liver of wild-type (Ahr(þ/þ)) and Ahr-null (Ahr(À/À)) mice. AhR mRNA in the liver of mice exposed to OCS (A) and 3MC (B). CAR mRNA in the liver of mice exposed to OCS (C) and 3MC (D). CYP2B10 (E), PXR (F), and CYP3A11 (G) mRNA in the liver of mice exposed to OCS (E). Each mRNA levels was normalized to the level of GAPDH mRNA in the same preparation, and the mean of the control group in the wild-type (Ahr (þ/þ)) mice was assigned a value of 1.0. Values are expressed as mean ± SD. *Significantly different from control group (p < 0.05). **Significant difference was seen between the controls of the wild-type and Ahr-null mice (p < 0.05).
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However, the CAR target gene, CYP2B10, was significantly induced in the liver of both wild-type and Ahr-null mice. In addition to this result, CAR activation by OCS was also confirmed by EMSA in liver of both genotyped mice. In contrast, 3MC only slightly increased CYP2B10 mRNA in the liver of wild-type mice. Taken together, OCS can activate both AhR and CAR, albeit the latter is more strongly activated. In contrast, 3MC hardly activated CAR even in mice lacking Ahr. In this regard, OCS is functionally quite distinct from 3MC in its ability to activate AhR and CAR.
A question may be raised as to why CAR is vulnerable to activation by OCS in the liver which lacks AhR. Because there were no differences in the expression of CAR-NR-1 complexes between wild-type and AhR-null mice, some other factor besides CAR activation by OCS might be involved in higher expression of CYP2B10 mRNA in AhR-null mice. When b-naphtoflabone (BNF) was used to treat the wild-and Ahr-null mice, AhR, CYP1A1 and CAR mRNAs were induced in the former, but not in the latter (Patel et al., 2007) . This finding is, in part, similar to that of 3MC in the current study. On the other hand, when this chemical was used to treat Car-null mice, AhR and its target gene, CYP1A1 could not be induced, although the AhR gene is fully functional in Car-null mice (Maglich et al., 2002; Patel et al., 2007) . Thus, AhR could not respond to the agonist in the case lacking the CAR gene. On the contrary, CAR appeared to be robustly activated by OCS in the livers lacking Ahr. To our knowledge, this is the first report of this phenomenon. Although CYP2B10 is also induced via PXR, the result of our PXR analysis suggests that CYP2B10 induction might be mainly attributable to the activation of CAR by OCS.
Recently, we reported that the same dose of styrene trimer (ST-1) as that of OCS could not activate AhR, and even downregulated the gene, judging from decreased expression of CYP1A1, CYP1A2, and UGT1A1/6 in wild-type mice (Yanagiba et al., 2008) . In contrast, OCS activates two receptors, AhR and CAR. Both chemicals contain a styrene body, but the action toward the two receptors was quite different. Pyrene, which has four aromatic rings, was reported to induce CYP1A2 and SULT1A1 in the liver of Ahr-null mice along with CAR activation, but not in that of wild-type mice (Lee et al., 2007) . These results strongly suggest that pyrene induces CYP1A2 and SULT1A1 via CAR, not via AhR. However, Lee et al. could not clarify how pyrene induced UGT1A1/6. With regard to SULT1A1, the induction feature by pyrene is the same as that by OCS, but in cases such as the induction of CYP1A2 and UGT1A1/6, the induction features are quite different from each other. A strong AhR agonist, TCDD, induces CYP1A1 via AhR, but suppresses SULT1A1 (Runge-Morris and Kocarek, 2005) , though the latter mediator could not be described. Thus, it is very difficult to determine the interaction between AhR and CAR, and the induction features of xenobiotic-metabolizing enzymes by their agonists.
UGT is involved not only in the conjugation of xenobiotics but also in endogenous hormones such as thyroxin (T 4 ) and steroids (Maglich et al., 2004) . In this study, we investigated whether the induction of UGT1A1 and UGT1A6 by short-term treatment of OCS influenced T 4 levels. However, the plasma T 4 level was not changed in either Ahr-null mice or wild-type mice, even though this chemical induced UGT1A1 and UGT1A6 in Ahr-null mice and UGT1A1 in wild-type mice. Long-term OCS treatment caused significant histopathological changes in the thyroid of rats; at 0.005-0.5 ppm OCS, very mild reduction in colloid density and scattered collapse of follicles, and at 5.0 and 50 ppm, moderate reduction in colloid density and thickening of epithelial cells to a columnar form (Chu et al., 1984 (Chu et al., , 1986 . Because short-term treatment of OCS induced UGT1A1 in wild-type mice, long-term exposure or a higher dose of OCS than the current experiment may also induce this gene expression and thereby decrease plasma T 4 levels. Further study on longer treatment by OCS should be FIG. 6 . Electrophoresis mobility shift assay of CAR-NR-1 complex in liver nuclear fraction of control and OCS-treated wild-type and AhR-null mice. (A) Lane 1, NR-1 only; lanes 2 and 5, control of wild-type and AhR-null mice, respectively; lanes 3 and lane 6, wild-type and AhR-null mice treated with OCS 32 lmol/kg, respectively; lanes 4 and lane 7, wild-type and AhR-null mice treated with OCS 64 lmol/kg, respectively. Values represent the mean ± SD (n ¼5). (B) Quantification of the assay by densitometric analysis with the mean strength of the control group assigned a value of 1.0. Values represent the mean ± SD (n ¼ 5). *Significantly different from the corresponding control by Dunnett's test (p < 0.05).
OCS INDUCED UGT1A VIA CAR 25 undertaken from the viewpoint of the toxic effect on the thyroid glands including the plasma T 4 level.
In conclusion, OCS transactivated AhR and CAR, but in the latter, the effect was greater in mice lacking the Ahr gene than in those having the gene. This action was quite different from that of 3MC, ST-1, or pyrene.
